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We write to note a correction to the event-size-
specific uncorrelated recombination model pre-
sented in ·'The formation of clusters during large 
sputtering events' · by Hartman et al. [1]. In that pa-
per, Eq. ( 4 ). the expression for the phase space den-
sity of recombined k-clusters, is in error. 
Correction affects the relative normalization of k-
cluster spectra, but not their funct ional forms. Ex-
pressions requiring correction include: the total 
yield of k-clusters in an event of size N. the absolute 
yield of k-clusters. and the normalization of the en-
ergy and angular spectra. ot affected by the cor-
rection are the functional forms of the energy and 
angular spectra or the predicted dependence of 
small k-cluster production on event size 
N: Yk(N) x N". 
The primary assumption of the uncorrela ted re-
combination model (as presented in Ref. [l]) is as 
follows: the probability that any l of the N atoms 
ejected during a single sputtering event leaves from 
a given site, x , with a given momentum. p. at a 
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given time, 1, is independent of the ejection sites. 
momenta , and times of the other N - 1 sputtered 
atoms. Assuming that sputtering of the N atoms 
is described by a phase space density 
d N / d"; = dN / d3 x d3 pdt, the probability that any 
1 of the N sputtered atoms leaves the target from 
within a small phase space volume 11y == 
ti\· ti3p tit about 1· = (x.p.1) is (111'/N)(dN / dy). 
The recombination assumption posits that if k 
atoms are sputtered from within a small enough 
region 11/', then the interatomic potential will bind 
them together into a k-cluster. Simple combinato-
rics imply that the probability that k of N atoms 
are sputtered from 11'; about -; is 
dYk(N ) N! 11··---"'----
r d;· -(N- k)!k' 
x (l _ 11·,· _dN)s "(l11· _dN)k 
N d; N d; ' (1) 
where dYk(N)/di• is the phase space density of re· 
combined k-clusters with phase per atom 
·; = (x.p.1 ). Eq. (4) of Ref. [l] identifies the nor-
malization of this phase space density to be per 
cluster and is incorrect. Potential (and actual) con· 
fusion about the normalization of dYk(N)/dy is 
settled by noting that the sum rule, 
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~ === l:kdYk(N) 
d;· d·,-
(2) 
rnust be satisfied. In this simple model. this sum 
rule restricts the recombination volume ~1· to be 
independent of cluster size. 
The recombination volume is (as in Ref. [l]) de-
termined by the binding distance, a. and depth. 
-V. of the interatomic potential, and the time a 
cluster requires to travel the binding distance: 
' 3 J , f).'x ~a'. ~ p,...., (2mV)· -, ~t "'ma/p. so ~;· = 
:a3(2mV) 1 2ma/ p. where mis the mass of an atom 
in the cluster. p its momentum. and .: a free para-
meter of order 1 introduced by the crudeness of 
this approximation. The same assumptions about 
the separability of dN / d ;· and the separated densi-
ties as in Ref. [l] are made. Namely: the spatia l vo-
lume from which individual atoms are sputtered is 
Q: their momenta are described by a modified Sig-
mund- Thompson distribution [2]: and their rate of 
sputtering slows exponentially after the initial im-
pact. Corrected expressions for the distribution 
and absolute expectation of k-clusters from an 
event of size ·"' are: 
dY. (N) 1 N 1 
dE d( cosO) '.:::'. k (N - k )!k! n(n - 1) 
( l )( )'-' t ( cosqe )k q -r .:x U1 (1 +t/U)"-' 
(3) 
HI (- )' - I J V. _CJ. 
Y;(N ) '.:::'. -(/\-, ---k-)'k-·! k 
n(n - l )(q + 1) (4) [k (n + 1) - i:[k (n + 1) - 2_(kq + 1) · 
Here € is the kinetic energy per atom of the k-clus-
ter. related to the cluster kinetic energy by E = kf.. 
'.l= n(n- l )(q + l ) a3 (~) 3 2 ma/ r (S) 
rr n u J2mu 
is a dimensionless constant set by the ratio of 
recombination to total-sputtering phase space 
volumes. and the assumption ( 1 - (~·,'fN) 
(dN j d·,-))v • '.:::'. 1 has been made. 
In Ref. [I ] the distribution of event sizes was ob-
served to decay exponentially with size: P(N) '.'.::::'. 
e-fl.' ( 1 - e- fi) with f3::::: 0.22. Hence, during a sput-
tering event of indeterminate size. the expected dis-
tributions and absolute yields of k-clusters are: 
dY; = LP(N) ~ dYk(N) 
dEd( cose) "' kdt d (cose) (6) 
I 1 (.::x)k 1n(n -l )(kq + l ) 
k (efl - I); k 
c ( cosqe ) • 
x u2 (1- t:/ U)"+' (7) 
dY; I 1 (.::xl 1n(n - l )(q- 1) 
dE k (efi- 1)k k(qk + l ) 
f I 
x ------
U2 (1- t:/U)'l"+I ) ' 
dY; 
d( cose) 
I .:'Y. ( ) k I 
(efi- 1)k_k_· -
(8) 
n(n - l )(q + I ) kqe 
x cos . [k (n + 1) - l][k(n+ 1)- 2] 
(9) 
(.:'Y. )k I 
Y, = --~ (ell - I )' k 
n(n - l )(q + 1) 
x [k (n + ! ) - l ][k(n + 1) - 2][kq + ( · ( I 0) 
Note that the functional forms of the differential 
spectra are the same as those predicted by other re-
combination models [3] but prediction of the nor-
malizations requires knowledge of the distribution 
of event sizes and the effectiveness of the intera-
tomic potential when recombining the sputtered 
atoms into clusters. 
In Ref. [!]. simulations of 3 keY Ar- - In-Ga 
(liquid) sputtering events were simulated and the 
emission statistics collected. The exponents n and 
q. and the 'binding energy' U are determined by 
fitting the monomer spectra to the generalized Sig-
mund- Thompson form. :x is determined by these 
parameters and the interatomic potential. and /3 
is determined by the distribution of event sizes 
(see Ref.[!]). The only free parameter in the model 
is.:. which has been adjusted to match the relative 
yields of dimers and monomers to that observed 
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during the simulations. In Fig. I . Y~ observed dur-
ing the simulations and predicted by the uncorre-
lated recombination model are compared: this 
figure replaces Fig. 8 of Ref. [I]. The recombina-
tion predictions are seen to fit the observed relative 
yields of k-clusters and to follow a power law 
decay for clusters of size k :::::: 6 and smaller: in 
Ref. [I] the yield was thought to decay must faster. 
In Fig. 2 the differential spectra for monomers di-
mers and trimers observed during the simulation 
and predicted by the uncorrelated recombination 
model are compared: this figure replaces Fig. 9 
of Ref. (I]. 
The correction of our expression for the phase 
space density of recombined k-clusters and the 
subsequent development of predicted yields and 
spectra is significant because it suggests that the 
yield of small k-clusters from uncorrelated recom-
bination processes is greater than our previous (in-
correct) results indicated. Before, even for the 
small cluster size k = 4. one could discern a diver-
gence of the moders predictions of the absolute 
yield from that which we found. With the cor-
rected model. we find that we can fit adequately 
the absolute yield of small k-clusters without re-
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Fig. I. The yield of k-clusters in the simulation. the corrected 
recombination prediction. and the power law fit >'.. ~ k • 1. 
'ote that uncorrelated recombination is as robust as the power 
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Fig. 2. (a) The energy spectra of clusters and the corrected re-
combination prediction. The yield of high energy clusters is still 
underestimated by the uncorre lated recombination model. (bl 
The angular spectra of clusters and the recombination predic-
tion. 
quiri ng a significant contribution from correlated 
processes. Indeed . if one assumes that a power 
law decay of Yi with k is val id. then the uncorre-
lated recombination model seems adequate up un-
til k = 6 (see F ig. l ). The predicted energy spectra 
of the k-clusters a re still unsatisfactory. Uncorre-
lated recombination does not predict enough high 
energy k-clusters, and overestimates the number of 
low energy k-clusters (see Fig. 2). 
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